Small intestinal bleeding is often the first symptom of small intestinal disease. Since the small intestine is about 5--6 m long, occupying a large zone in the abdominal cavity, conventional endoscopy and X-ray studies cannot make a thorough examination \[[@CR1]--[@CR3]\]. Double-balloon enteroscopy may provide adequate examination of the small intestine \[[@CR4]--[@CR6]\]. However, there are some patients whose small intestinal bleeding lesion may not be detected with enteroscopy. Since there is a "blind region" to both sides, especially when for the bleeding is caused by a vascular malformation; it then generally depends on angiography, but this has the limitations of an invasive procedure time consumption and high cost \[[@CR7]--[@CR9]\]. Recently, we used the method of contrast-enhanced CT combined with enteroscopy for the diagnosis of small intestinal vascular malformation in ten patients. Our experience is reported as follows.

Materials and methods {#Sec1}
=====================

General information {#Sec2}
-------------------

Ten patients were diagnosed as gastrointestinal bleeding in our department from March 2006 to October 2010. No bleeding lesions were detected with gastroscopy and colonoscopy. They underwent enteroscopy through mouth and/or anus. In the patients with active bleeding lesions suspected of small intestinal vascular bleeding, abdominal vascular-enhanced CT examination was performed. The patients without active bleeding lesions also underwent abdominal contrast-enhanced CT examination. Among the ten patients, there were seven males and three females, age range was 35--65 years, mean age was 51 years. All the patients lacked the contraindications for enteroscopy, including severe heart, lung, and liver disease, severe weakness, and complete intestinal obstruction.

Instruments {#Sec3}
-----------

Double-balloon enteroscopy with the Fujinon EN-450P5/20 (Fujinon company, Japan) was accomplished with the repeated charge and discharge of the balloons, and the repeated push and pull of the trocar sheath to advanced the enteroscope \[[@CR10]\].

Preparation before examination {#Sec4}
------------------------------

Electrocardiogram, blood tests, liver and renal function, blood type, and blood coagulation tests were performed for the patients. Twelve hours of fasting was necessary for examination through mouth, small intestine clearing was necessary for examination through anus. Liquid diet the day before examination, 33% magnesium sulfate of 100 mL at 8 pm the night before examination, followed 30 min later by drinking 2000 mL of water. Disoprofol was injected 10 min before examination for the patients who needed intravenous anesthesia. For the patients who needed no intravenous anesthesia, ansiolin of 10 mg, scopolamine butylbromide of 10 mg, and dolantin of 50 mg were injected 10 min before examination. Oxygen supply, electrocardiogram, and blood oxygen saturation monitoring were performed through the whole procedure.

Method for enteroscopy {#Sec5}
----------------------

The assistant and doctor cooperate to fulfill the procedure: in enteroscopy examination through the mouth the enteroscope progresses to the inferior segment of the ileum: the enteroscope advances to the junctional zone of the jejunoileum. When a bleeding lesion was not detected through one side, diluent methylene blue of 0.5 mL was injected beneath the mucous membrane at several sites, which facilitates confirming the site when the examination is performed through the other side. For some patients, X-ray was used to observe the extent of penetration by the enteroscope \[[@CR11], [@CR12]\].

Abdominal contrast-enhanced CT examination {#Sec6}
------------------------------------------

Light speed VCT 64 layer spiral CT (GE company, USA) was used, scan range included the entire abdomen, plain scan was performed first, parameters: tube tension was 120 kV, tube current was 36 mAs, width of collimator was 40 mm, rack rotation time was 0.6 s/circle, pitch was 1.375:1, and slice thickness was 1.25 mm. Then enhancement scanning was performed, non-ionotropic contrast agent of ultravist 370 was used, injected as a bolus through a peripheral vein, the dosage was 1.5 mL/kg body weight, the flow rate was 3.5--4.5 mL/s. After enhancement scanning, image reconstruction was performed with the original data, after reconstruction all the images were transmitted to the work station, where post processing was taken, including multi-planar reformation (MPR) and curved planar reconstruction (CPR). The best images were screened for analysis and diagnosis.

Analysis of CT images {#Sec7}
---------------------

The CT images were separately analyzed by two radiologists with rich experience; when the conclusion was not the same, the two radiologists discussed the images until the same conclusion was reached. The images of enteroscopy and CT were compared with the surgical result. The clinical value of applying multi-slice spiral CT (MSCT) in the diagnosis of small intestinal vascular malformation was evaluated.

Results {#Sec8}
=======

Small intestinal bleeding detected with double-balloon enteroscopy {#Sec9}
------------------------------------------------------------------

Of the ten patients who underwent double-balloon enteroscopy examination, active bleeding lesions were detected in seven patients, and no active bleeding sites were detected in three patients (shown in Fig. [1](#Fig1){ref-type="fig"}, Table [1](#Tab1){ref-type="table"}).Fig. 1Small intestinal vascular malformation detected by double-balloon enteroscopy. **A** Jejunal active bleeding caused by arteriovenous malformation (patient no. 1). **B** Jejunum vascular ectasia, no active bleeding was observed, distorted blood vessel was detected (patient no. 3).Table 1Outcome of small intestinal bleeding detected with double-balloon enteroscopy contrast-enhanced CT, and surgical detection and treatment measurePt. no.Age/sex (years)SymptomEnteroscopy through mouth and/or anusDetection of double-balloon enteroscopyDetection of abdominal vascular-enhanced CTSurgical detection and treatment measure142/MDark stool, fatigueMouthJejunal vascular malformation bleedingJejunal vascular malformationSame result with enteroscopy and CT, segmental resection was done for vascular malformation, no other lesion was found2^a^47/MDark stoolMouth and anusAngioma was found at jejunum through mouth without active bleeding, no lesion was found through aunsIleal vascular malformation, which was not found with enteroscopyAngioma was found in the jejunum which was the same as enteroscopy, vascular malformation was found in the ileum which corresponded to the detection of CT, segmental resection was done for angioma and vascular malformation3^a^62/FDark stool, fatigueMouth and anusJejunal vascular malformation without active bleedingJejunal vascular malformationSame result with enteroscopy and CT, segmental resection was done for vascular malformation, no other lesion was found438/MDark stoolAnusIleal vascular malformation bleedingIleal vascular malformation at two sites, the other was not observed with enteroscopySame result with CT, segmental resection was done for vascular malformation548/MDark stoolMouthJejunal vascular malformation bleedingJejunal and ileum vascular malformationSame result with CT, jejunal vascular malformation was found and segmental resection was done, there was also a vascular malformation in the ileum, it was segmentally resected6^a^59/FDark stoolMouth and anusJejunal vascular malformation was found through mouth without active bleeding, no lesion was found through anusJejunal vascular malformationSame result with enteroscopy and CT, segmental resection was done for vascular malformation762/MHematocheziaAnusIleal vascular malformation bleedingIleal vascular malformationSame result with enteroscopy and CT, segmental resection was done for vascular malformation835/FDark stoolMouth and anusIleal vascular malformation bleedingIleal vascular malformationSame result with enteroscopy and CT, segmental resection was done for vascular malformation952/MHematocheziaAnusIleal vascular malformation bleedingIleal and jejunum vascular malformationSame result with CT, Ileum vascular malformation was found and segmental resection was done, there was also a vascular malformation in the jejunum, it was segmentally resected1065/MDark stoolMouth and anusJejunal vascular malformation bleedingJejunal vascular malformationSame result with enteroscopy and CT, segmental resection was done for vascular malformation^a^Indicated that no active bleeding sites were detected with enteroscopy examination

Small intestinal vascular malformation detected with abdominal contrast-enhanced CT {#Sec10}
-----------------------------------------------------------------------------------

Of the ten patients who underwent contrast-enhanced CT, small intestinal vascular malformations were detected in all and these were confirmed with surgical and pathologic results (shown in Table [1](#Tab1){ref-type="table"}).

Surgical detection and treatment measure {#Sec11}
----------------------------------------

All the ten patients with intestinal vascular malformation underwent surgical operation. The vascular malformation was confirmed with surgical detection and pathologic diagnosis, and segmental resection was done for intestinal vascular malformation and angioma (shown in Table [1](#Tab1){ref-type="table"}).

Typical case {#Sec12}
------------

Patient no. 2 had undergone a surgical operation 4 years previously for a cutaneous hemangioma of the right knee (Fig. [2](#Fig2){ref-type="fig"}A). He was admitted for dark stools. Several jejunal angiomas were detected with enteroscopy through the mouth (Fig. [2](#Fig2){ref-type="fig"}B), but no active bleeding was observed. No lesion was detected with enteroscopy through the anus. Ileal vascular malformation was detected with abdominal contrast-enhanced CT (Fig. [2](#Fig2){ref-type="fig"}C--E). Ileal angioma (Fig. [2](#Fig2){ref-type="fig"}F) and vascular malformation (Fig. [2](#Fig2){ref-type="fig"}G) were detected with laparoscopic approach. Segmental resection was done for the angioma and vascular malformation, and the lesions were confirmed with pathologic diagnosis (Fig. [2](#Fig2){ref-type="fig"}H).Fig. 2Skin, enteroscopy, abdominal contrast-enhanced CT, laparoscopic, and pathologic findings. **A** Histology shows cavernous angioma of the right knee (×400). **B** Angioma shown by enteroscopy examination through the mouth. **C** Arterio-venous malformation at a branch of the superior mesenteric artery shown by contrast-enhanced CT. **D** Contrast medium stays in the arterio-venous malformation on axial CT. **E** Contrast medium stays in the arterio-venous malformation shown by CT on coronal view reconstruction. **F** Small intestinal angioma (*arrows*) shown by laparoscopy corresponding to **B**. **G** Arterio-venous malformation (*arrows*) shown by laparoscopic approach, corresponding to **C**--**E**. **H** Histologic section of resected small intestinal arterio-venous malformation: vessel wall is irregular, distorted and dilated (×400).

Discussion {#Sec13}
==========

Small intestinal bleeding refers to a bleeding lesion from the Treitz ligament to the ileocecal junction, generally due to peptic duodenal erosion or ulcer, diverticulosis of the small intestine, small intestinal vascular malformation or tumor, or inflammatory bowel disease. Because ordinary methods have limitations for small intestinal examination, the diagnosis of small intestinal bleeding is difficult \[[@CR13]--[@CR15]\].

Barium meal examination is useless for the diagnosis of mucous membrane and vascular disease of the small intestine. Radioisotope scanning is useful for the diagnosis of gastrointestinal bleeding, the tracer commonly used is 99Tcm and 99Tcm RBC. 99Tcm can detect lesion bleeding at the speed of 0.05 mL/min, but since its half life is only about 3 min, it misses intermittent bleeding. Moreover, the high radioactivity of liver and spleen may interfere with the diagnosis at these sites, so its sensitivity is decreased. 99Tcm RBC has some value for the diagnosis of intermittent bleeding, but the blood pool background at sites of abdominal vessels, liver, spleen, and soft tissue is relatively high; delayed imagings at 3 h, 6 h, even 24 h are necessary \[[@CR16]\].

Selective angiography is useful for the diagnosis of vascular malformation of the small intestine. Extravasation of contrast medium indicates that the bleeding speed is at least 0.5--1.0 mL/min. Especially useful when there is active bleeding, the positive rate is about 50%--77% \[[@CR7]\].

When the lesion causing obscure lower digestive tract bleeding by intestinal disease is not diagnosed, it cannot not be properly treated, and exploratory laparotomy may become necessary. Detection of the lesion may remain unclear and the re-bleeding rate of post-operation is high. In the recent years, small intestinal bleeding was diagnosed with enteroscopy examination, because enteroscopy examination had little trauma, it was widely used in clinic. However, not all the lesions of the patients with small intestinal bleeding can be diagnosed with double-balloon enteroscopy \[[@CR17], [@CR18]\]; even if enteroscopy through both mouth and anus is undertaken, there remains a "blind region". The diagnosis for the "blind region" bleeding mainly depends on angiography. With the advent of spiral CT, abdominal vessels can be clearly seen with enhanced CT after image reconstruction, replacing angiography to some extent, meanwhile, the procedure was brief, less invasive, and less demanding \[[@CR19]--[@CR22]\]. In this study, five patients underwent enteroscopy through both mouth and anus, and the enteroscopy and CT result was not the same in one patient (patient no. 2). In clinic, when the patients were diagnosed as intestinal vascular malformation bleeding through mouth or anus, a number of them would not accept enteroscopy examination through the other side for economic or other reasons, and they underwent surgical operation for bleeding. If contrast-enhanced CT was not done, some intestinal vascular malformations could be missed. In this study, for patient nos. 2, 4, 5, and 9, vascular malformation was diagnosed with contrast-enhanced CT, while the malformation was not observed with enteroscopy examination. Thus, we recommend that for the patients with small intestinal bleeding, whether or not bleeding sites were detected with enteroscopy, abdominal contrast-enhanced CT should be done before surgical operation to avoid the miss of other vascular malformations. Not all instances of small intestinal bleeding can be detected with enhanced CT \[[@CR23]\]. In our department, some patients suspected as small intestinal bleeding underwent enteroscopy and enhanced CT examination, but the bleeding site was not detected; the reason perhaps was that the bleeding site was too small to be detected with enhanced CT. In our experience, abdominal-enhanced CT was accurate for the diagnosis of vascular malformation, but sometimes it could not differentiate small intestinal stromal tumor. Thus, enteroscopy and enhanced CT should be combined for the diagnosis of intestinal vascular malformation bleeding.

In recent years, we have used contrast-enhanced CT for the diagnosis of small intestinal vascular malformation bleeding. With image reconstruction, small intestinal vascular malformation can be clearly seen and properly diagnosed. All the vascular malformations in this experience were confirmed with surgical operation and pathologic diagnosis. It was proved that abdominal contrast-enhanced CT has practical value for the diagnosis of small intestinal vascular malformation, making up the shortcomings of double-balloon enteroscopy.
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